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Experimental test system design for thermal wakes of submerged

vehicle based on scale model

YANG Weiping, ZHANG Zhilong, LI Jicheng
(National Key Laboratory of Automatic Target Recognition, National University of Defense Technology, Changsha 410073, China)

Abstract; According to similarity principles, an infrared imaging experimental test system based on scale model was set up, such work

conditions as scale model based vehicle volume, submerged depth, movement, wake discharging, and etc, were designed so that the static and

dynamic thermal wake detection tests of scaled vehicle were realized. The detectability of submerged vehicle thermal wakes on one side was

determined, and the influencing factors at thermal wakes detection and changing rules of the wakes were found, which lays a foundation for future

work. Scale model experimental tests show that the thermal wakes from submerged vehicle can be effectively detected out via the substantial changes

of regional gray mean and gray mean variation.
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Fig. 1 Infrared imaging experimental test system based on

scale model for under-water vehicle wake detection
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Tab.1 Parameters of prototype and

model with similarity ratio 200

SHEOR MRt SESH e
gk 200 107.6 m 0.538 m
5 200 12.9 m 0.064 5 m
fira=n 200 10.9 m 0.054 5 m

WiATER B 200 20 m 0.40 m

25 m 0.50 m

30 m 0.60 m

35 m 0.70 m

40 m 0.80 m

AT AN GE  14.1 25 nod 0.91 m/s

(46.3 km/h)

i 14.1 5 nod 0.18 m/s

10 nod 0.36 m/s

HkEER 200 0.5m 2.5 mm

Hikwis 1401 1.411 m/s 0.1 m/s
HikE 565 685 1000 t/h  0.491 047 mL/s

2.3 HEEIHHTRIEIT

EAEIEEERZ &M, FEM5E Hin
(KT LLAMEFAE , I3 BT HAE A 6] TARRES R4
SMRI AT ATE . L, i TR 5 S T

1) T8 1 [ E BRE 30 e, [ 5 Jii 12t (4% BEAH
Itk it, 2 W& 1 P A5, B w s 548
2.5 mm), 2B G EE 22 (AT A 10 C 2
65 C) , WFFELL b 1 Al R

2) T2 : [ VR 30 em, [ S i i 22 (1%
R LR H AR SRR I8 B0 31, BIVA 207K 577K 1R
Z AT =30 C), A8 i & (AL i, 2%
e 1, I eOAE B A ELARORA B U i Y B
1), B T TRAFAE R L BRE) R
AN T 20 A0 R 3 4 AT R

3) B0 3 : Fae B s R H AR S B 01 e [
FISHRIRZE (I AT B2 30 °C) | & 2 i o 1 (5
WME R 2.5 mm), SR ATATIREE (D H X
30 em,35 cm &5) REAFMATIRE FAATIARL
AN R0 11 AT R

4) T00 4 [ MAT IR 30 om, [543 i
25 (AT HUHR 30 °C) , [ It 6 ( 4 O ASE R S0 i 45
k2.5 mm) 545 U ALY (F AR LT, 2
DL 1), s 4 M BB, SRR AN TRl T A 7 Ak
215N A AT BRI

5) L0005 e BB H bR SEBR G 00 , 38 [
(R 22 (AT =30 °C) Rl et ( 4 s 70 S 90 4
2.5 mm, H/KHEE 141 m/s) |, [ H6 0o
PO ITATIRE (40 H =20 em, H =30 cm 28) 5%
AN TRV BE AL AT AR L 91 B 325 ) vl R 1

3 ZRERSHM

TEAMULPE BB HER b, BT A4 LS50 R 50
TE ST P St Ao A o o i 5 6 22 IR R R o 2 A DR
(AL, WA T PR AR LT SRR AR Pl 2
PRI TT AU BN R THR AR ORI K TH
RIS o D AR A R BT I 2R G 5 18 T
A SEBRPERT AT AR FEA RN S0 RSB
DT ORI AT 138 2 Ak, 8 i Hok AR
e E L BGRAE MO AR SEBL T B A A
VR AR o A L2 b A TR A A T A 4 4 L
SCBAU A B S o 8 IR A HOImA
PEURHSIE BRI 17 T BR A A RN LA S K AR TR P 371
IR A X LM BRAGR I £ 51 B 5
(RIS IR 3 (5 X6 7K TR A L8 AN 45
A3 48 LE S 56 2R e LU T

AR IR A RGN R ZAL, 1 S %
JEKHE XS 5 M TOLBE TR0 A R U
TR R E] SIS 100 224 T, X it
TR 54 PR Bk 7R i o111 B Y o g R T AN
SMRFIE S AL, JF R T R Ll nLAE
X S LD T E I T IR OO - S — R
JEX SRR AP L R RK T ZLA MR AL 5 26 — 2
L ST AR R AR T LS MR o

T AW A R B, n RIS LA R



- 110 -

e PN

5538 &

DX LA DX 0I5 75 2 LS 1] 14728 A R )
Wro XK XERIR (LXK E 22) KT 10
i XK BE 7 22 AR T 1.5 1, il LA
R B, A I BLZL AP R AL, HL2 %) 22 (2
PR B, Rl A ko

5 S I3 Y, JC T8 S b FAH A 0 3K
i Bz BRI, £ 5250 5 PR BT 4
17 B SEROR . AEBCE R 22 A T
L7180 N TSR S R TA D EARA NS S (1R NN
UL, FEIX PR RE 457 EUAR L 21 0 Rl it v 400
. 2.3 3 70l a 1 B SO A ek
FAIRR 7 2L A MRFALE S 30 0 32 SR A BE 4 20 O
A% H 4t B2 AR I K DL AN AR AE S 3 45 2R
2 R LRI 3, R 4 Xk K R 22/ K
FEX I 2R ARME . AT LA FE R P g S8 T
DT, i T KUK B4 3 25 KT 10 8l XK
Y05 2R T 1.5 AR K L AN 18 R

F2 FEHEAREPERILAGIRIEASE LN
Tab.2 Test results of thermal wake of vehicle under

static jet flow in uniform density fluid

A8 LK em
20 25 30 35 35 35 40
w2EA i Eir Bk Bk Bk gk Bk
C 25mm 25mm 25mm 25mm 3.5mm 5mm 2.5 mm
60 — — —  50/5.0 — — —
55 — — —  50/3.0 — — —
50 — — — 40/6.0 — — —
40 — — — 30/5.0 — — —
20 12/ 15/ 20/ 16/ 60/ 60/ 20/
1.5 3.0 4.5 3.0 5.0 10.0 2.0
25 — — — — 36/5.0 — —
20 — — — — 15/1.5 — —
15 — — — — 15/1.5 — —
10 — — — — 20/5.0 — —
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Tab.3 Test results of thermal wake of vehicle under

towing jet trial in uniform density fluid

Wik, HE/ AXKEZE/ AR s

em  (m/s) JREEHIrEEAR DM
30 0.516 10/ 1.5 R MR
35 0.516 12/ 1.5 S D
40 0.516 15/2.0 MR RS
45 0.516 20/ 1.5 R B
50  0.516 15/1.5 e HED
i 0% 15/1.5 g RS
0.516 15/1.5 MR SR
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(a) Mid-wave infrared image (14 seconds later)
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(b) Mid-wave infrared image ( 35 seconds later)
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Fig.2 Typical experimental image data of static jet trial
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Fig.3 Typical experimental image data of towing jet trial
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Fig.4 Calibrated curve of mid-wave infrared imager without

considering camera temperature
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